Introduction: Pathophysiological interaction between the heart and kidneys represents the basis for clinical entities called cardiorenal syndromes. The purpose of the study was to assess the relations between acute and chronic cardiorenal syndromes and biomarkers [advanced oxidation protein products, brain natriuretic peptide, malondialdehyde, xanthine oxidoreductase (XOD), xanthine oxidase, xanthine dehydrogenase, interleukin 8, cystatin C, plasminogen activator inhibitor-1, high-sensitive troponin T, C-reactive protein and glomerular filtration rate, measured by the Modification of Diet in Renal Disease (MDRD) formula], to hypothesize biomarkers that might provide a prompt identification of acute or chronic cardiorenal syndromes, and to distinguish acute versus chronic types of these syndromes. Methods: A total of 114 participants were enrolled in this study, i.e. 79 patients divided into subgroups of acute and chronic cardiorenal syndromes and 35 volunteers. Results: Nonadjusted odds ratio (OR) showed that there was a significant risk for acute cardiorenal syndrome with increased XOD activity (p = 0.037), elevated cystatin C concentration (p = 0.038) and MDRD (p = 0.028). Multivariable adjusted OR, on the other hand, revealed that only glomerular filtration rate measured by the MDRD formula had a significance for acute cardiorenal syndrome (p = 0.046). Nonadjusted OR showed a significant risk for chronic cardiorenal syndrome only in elderly (p = 0.002). Multivariable adjusted OR exhibited that age was the only risk factor for chronic cardiorenal syndrome (p = 0.012). Conclusion: Cystatin C, glomerular filtration rate measured by the MDRD equation and XOD were independent risk factors for acute cardiorenal syn-
Introduction
The pathophysiological interaction between the heart and kidneys represents the basis for clinical entities called cardiorenal syndromes (CRSs) [1] . An impairment in the function of one of them results in a dysfunction of or an injury to the other [2] . There is a need for early detection and monitoring of patients with CRSs; therefore, many novel cardiac and renal biomarkers have emerged to supplement traditional markers which have limited specificity and sensitivity. The most investigated biomarkers are: cardiac troponins, natriuretic peptides, and creatinine, as well as cystatin C and parameters of oxidative stress or proinflammatory cytokines.
Cystatin C was proposed as a marker of the glomerular filtration rate (GFR) in order to overcome the limitation of serum creatinine [3] , especially for a small reduction in the GFR [4] . It is a member of a family of competitive inhibitors of lysosomal cysteine protease synthesized in all nucleated cells [5] .
Xanthine oxidoreductase (XOD) in tissues and circulation exists in two forms, dehydrogenase (XD) and oxidase (XO), whose activity in the circulation is mainly elevated in coronary disease and endothelial dysfunction [6] . Malondialdehyde (MDA) is one of the most wellstudied markers of lipid peroxidation, representing an indicator of oxidative stress in a number of cardiovascular disease models.
Advanced oxidation protein products (AOPP) measure highly oxidized proteins, mostly albumin. Recent studies have shown that the key molecule responsible for the AOPP reaction in human plasma is oxidized fibrinogen, resulting in an inhibition of fibrinolysis, thus the development of atherosclerosis, and cardiovascular risk.
Plasminogen activator inhibitor-1 (PAI-1) activation results in the suppression of the normal fibrinolytic system, followed by a prothrombotic state, and induced tissue damage. Increased expression of PAI-1 is connected with thrombosis, fibrosis, and cardiovascular disease [7] .
Brain natriuretic peptide (BNP) is synthesized mostly in the conditions characterized by electrolyte and fluid retention, and therefore also by the expansion of effective plasma volume [8] . It is documented that ventricular hypertrophy and fibrosis can also induce the secretion of BNP [9] .
Interleukin 8 (IL-8) is a proinflammatory chemokine associated with the promotion of neutrophil chemotaxis and degranulation, and is an important mediator of the immune reaction in the innate immune system response. C-reactive protein (CRP) is a part of the acute-phase response to acute and chronic inflammation.
The levels of high-sensitive troponin T (hsTnT) serve as a risk stratification in patients with stable coronary artery disease, heart failure, and noncardiac disease conditions, and are detectable at a very low concentration.
Due to these findings, the purpose of the present study was to assess relations and differences between acute and chronic CRSs and the following biomarkers: AOPP, BNP, MDA, XOD, XO, XD, IL-8, cystatin C, PAI-1, hsTnT, CRP and GFR measured by the Modification of Diet in Renal Disease (MDRD) formula. Another aim of the present study was to hypothesize among them, by multivariate modeling, the biomarkers that might provide a prompt identification of acute or chronic CRSs, as well as to distinguish acute versus chronic types of these syndromes. A fasting blood sample (5 ml) was obtained from each participant and stored at -80 ° C until biochemical analysis. Biochemical measurements were obtained using standard clinical laboratory methods, and the analysis was performed on Erba XL600, Germany. hsTnT was measured with apparatus T Cobas 411 Roche ® . CRP was measured using immunonephelometric assays (Olympus AU400). PAI-1 (DSE100), IL-8 (D8000C), and cystatin C (DSCTC0) were measured in plasma samples using a commercially available ELISA kit from R&D Systems, Quantikine, Abingdon, UK.
Methods
AOPP were determined in plasma mixed with H 2 O, acetic acid and potassium iodide. The absorbance was read spectrophotometrically at 340 nm and compared with a solution of chloramine T dissolved in the same buffer. The data were expressed as millimoles per liter of chloramine equivalents and related plasma total protein [11] .
The MDA content was assayed in plasma and red blood cells according to the method of Andreeva et al. [12] . XOD and XO were measured in plasma according to the liberation of uric acid by using xanthine as a substrate [13] , in the presence of NADH (for XOD) or absence of NADH (for XO) when only molecular oxygen was an electron acceptor [14] . The XD activity was calculated by subtracting the XO activity from XOD. For the estimation of GFR, we used the MDRD formula [15] .
Statistical Analyses
The characteristics of the study group were expressed as mean ± SD (continuous variables) with number and percentages in brackets (categorical variables). We compared clinical and biochemical data of patients in the clinical group with different types of CRSs and the control group using the Student t test for normally distributed data (expressed as mean ± SD) and the Mann-Whitney U test for data that were not normally distributed. Evaluated parameters between acute and chronic CRSs and the control group were compared with the Kruskal-Wallis test, and post hoc examination was done with the Mann-Whitney U test. Univariate logistic regression was used to calculate odds ratios (ORs) and 95% confidence intervals (CIs) for GFR <60 ml/min/1.73 m 2 . Adjusted OR was calculated for statistically significant factors in the univariate model and factor with p < 0.10. All analyses were performed with SPSS version 10.0 (SPSS, Chicago, Ill., USA) at the significance level set at p < 0.05.
Results
Clinical and biochemical data of the clinical and control groups are presented in table 1 . Significant differences were found between these groups in the following: creatinine (p < 0.001), GFR (p < 0.001), uric acid (p = 0.002), urea (p < 0.001), albumin (p = 0.002), urinary albumin creatinine index (p = 0.030), glycemia (p < 0.001), triglycerides (p = 0.001), systolic (p < 0.001) and diastolic blood pressure (p = 0.031), ejection fraction (p = 0.001) and left ventricular mass index (p < 0.001); all data are presented in table 1 . Clinical and biochemical data of patients with acute and chronic CRSs are given in table 2 . Significant differences were found between these subgroups in creatinine (p = 0.040) and albumin concentration (p < 0.001).
Evaluated parameters between acute and chronic CRSs and the control group are presented in table 3 . There were significant differences between the plasma concentration of BNP (p < 0.001), AOPP (p = 0.003) and MDA (p = 0.002), the plasma activity of XOD (p < 0.001) and XD (p < 0.001), the plasma concentration of hsTnT (p < 0.001) and the GFR measured by the MDRD formula (p < 0.001), EPI creatinine (p = 0.020) and EPI cystatin C (p < 0.001), as well as the plasma concentration of cystatin C (p < 0.001) in acute and chronic CRS compared to the control group. The plasma concentration of CRP differed between all three groups (p < 0.001). There were no significant differences in the plasma concentration of IL-8 and PAI-1 between all three groups ( table 3 ) .
Nonadjusted ORs for acute CRS are presented in 
Discussion
In this study, we have shown that the plasma activity of XOD, the plasma concentration of cystatin C and GFR measured by the MDRD formula were possible parameters for the rapid identification of acute, but not chronic, CRS. Renal function in clinical practice is commonly expressed by serum creatinine levels. There are some serious limitations of this kind of measurement, because serum creatinine concentration depends on the muscle mass, tubular secretion, sex, age, and physical activity. There are two equations that are widely used for the estimation of GFR, i.e. the MDRD and the Cockroft Gault formula, which can overcome the limitations of creatinine [3] . Cystatin C has a promising potential as a new biomarker of GFR. It is completely filtered in the glomeruli and catabolized in proximal tubules; therefore, plasma cystatin C concentration very likely depends on a GFR. Very recently, cystatin C has been proposed as a marker for cardiovascular diseases [3] . In conclusion, cystatin C plasma concentrations were associated with the progression of heart failure [16] . It was demonstrated that cystatin C was a strong predictor of the composite of mortality or hospitalization and mortality alone [17] , and has also remained a strong predictor with multivariable analysis. This was not documented in our study, since after multivariable modeling the only biomarker for acute CRSs was GFR measured by the MDRD formula. The prognostic role of cystatin C was also assessed in the elderly population [18] . This study documented that all-cause mortality and death from cardiovascular events increased with the higher concentration of cystatin C. Other investigators [19] documented that after the comparison of renal function in three different manners (cystatin C, MDRD and creatinine concentration), they found that patients with the highest plasma concentration of cystatin C had the worst cardiovascular risk profile. In our study, cystatin C had the highest OR, compared to XOD and MDRD, indicating that it may have a benefit over potential biomarkers for acute CRS. Cystatin C was also documented as a useful tool in detecting early deterioration of renal function after hospitalization for acute CRS [20] , and it has been suggested that it is highly sensitive to 'preclinical' kidney failure. Some studies suggest that cystatin C-GFR was better than creatinine-based estimates of GFR at GFR levels >60 ml/min/1.73 m 2 (CKD stages 1 and 2) [21] . All of these findings suggest cystatin C as a promising marker in cardiorenal pathology, but the reason why it is so still remains unclear. Moreover, its main advantage seems to be its greater sensitivity for the early detection of kidney dysfunction [22] . We should stress that the plasma concentration of cystatin C still depends on some factors such as age, smoking, body mass index, sex and inflammatory biomarkers [23, 24] . Finally, in our results, cystatin C did not have any significance in the identification of chronic CRSs.
Still, we have to point out that it was highly expected for the plasma activity of XOD to have a significance for acute over chronic CRS. Higher XOD activity very likely represents acute vascular damage and XOD release from the endothelial cells, rather than de novo XOD formation in the endothelium. Age remained a risk factor for the occurrence of chronic CRS, mostly due to the physiological involution of the organs and numbered comorbidities in the elderly.
Conclusion
We have demonstrated that the plasma concentration of cystatin C, renal function measured by the MDRD equation and XOD plasma activity were potential parameters for the prompt identification of acute, but not for chronic, CRSs. Therefore, these parameters might present a good tool to distinguish acute versus chronic CRSs, independently from the primary organ damage. From our results, we may give some priority to the plasma concentration of cystatin C over MDRD measurement or XOD activity. The other evaluated parameters did not have any significance in distinguishing acute versus chronic CRSs.
Our results indicate that cystatin C is a potential biomarker for the rapid identification of acute compared to chronic CRSs in the group of patients with combined organ damage. These findings may provide to the clinicians a faster and easier differentiation of the patients with an unclear clinical presentation of CRSs, and possible prevention of irreversible changes of the affected organs.
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